Introduction {#sec2}
============

Malnutrition is one of the leading risk factors for morbidity and mortality globally ([@bib1]). Since the Millennium Development Goal era, considerable effort has focused on eradicating undernourishment and improving health outcomes in children and adolescents through efforts in nutrition, supplementation, and fortification. However, recent shifts in global supply chains and foreign direct investments, and transformations in food processing, packaging, and distribution have drastically changed the landscape of food ([@bib2]). In low- and middle-income countries (LMICs), as classified by the World Bank in terms of a country\'s gross national income (GNI) in United States Dollars per capita, there is greater accessibility and availability of cheap, fast-food, and convenience foods. Simultaneously, a significant portion of consumed food in LMICs is still acquired through domestic channels and informal unregistered vendors, such as wet markets and mobile vendors ([@bib2]). The dynamic and opportunistic nature of the food environment leads to challenges in accurately estimating food availability, accessibility, and affordability in a given setting. For school-aged children and adolescents (SACA), elements of the food environment may increase reliance on, and greater preference for, nutrient-poor and ultraprocessed foods, including sugar-sweetened beverages, as well as increased unhealthy snacking and eating away from home ([@bib3], [@bib4]). These dietary patterns are believed to underlay the nutrition transition and double burden of malnutrition in many LMICs ([@bib5], [@bib6]).

Interventions designed to enhance food environments may be "settings-based," implemented in schools, workplaces, community centers, and neighborhoods, or "sector-based," implemented at a macrolevel (e.g., national supply chains and the private sector) ([@bib7]). For SACA, school and work settings and the surrounding consumer spaces are influential food environments whereby their food choices and consumption are dictated by what is available and accessible (e.g., in cafeterias, vending machines, food vendors on or near school/work) ([@bib7], [@bib8]). The home microlevel environment is similarly important and influential in dietary intake and health outcomes in SACA, but is likely to be affected by a different set of policy levers and is therefore outside of the scope of the present review.

Food environment interventions are commonly classified as environmental or behavioral ([@bib9], [@bib10]). Environmental interventions focus on aspects of the environment that influence food choice, such as the natural and physical environments, legal and political, socioeconomic, and cultural environments (e.g., changes to the school cafeteria menu or decreased availability of snack foods in schools). Behavioral interventions place greater emphasis on individuals, often focusing on their knowledge, attitudes, perceptions, and preferences regarding food choice and dietary intake (e.g., nutrition counseling and education programs) ([@bib10]). Interventions may overlap in terms of level of implementation and/or intervention modality. For example, nutritional labeling policies may be implemented at both the consumer and workplace levels, and aim to alter both the environment and behavior of the consumer.

The objective of this review was to examine interventions of the food environment and its impact on anthropometric and diet-related health outcomes in SACA in LMICs. To date, food environment research has mostly been conducted in high-income countries. However, food environments in LMICs differ from those in high-income settings in terms of their dynamic nature and infrastructure, providing unique challenges in effectively measuring and monitoring food environments ([@bib11]). Thus, understanding if and how food environment interventions affect health outcomes in LMICs is crucial to provide strategic recommendations, and to encourage advocacy and further research in this area.

Definitions of the Food Environment {#sec1}
===================================

Food system {#sec1-1}
-----------

A system that embraces all the elements (environment, people, inputs, processes, infrastructure, institutions, markets, and trade) and activities that relate to the production, processing, distribution and marketing, preparation and consumption of food, and the outputs of these activities, including socioeconomic and environmental outcomes \[High Level Panel of Experts ([@bib2])\].

Food environment {#sec1-2}
----------------

The collective physical, economic, policy and sociocultural surroundings, opportunities, and conditions that influence people\'s food and beverage choices and nutritional status \[International Network for Food and Obesity/Non-communicable Diseases (NCDs) Research, Monitoring, and Action Support ([@bib8])\].

Food accessibility {#sec1-3}
------------------

This refers to proximity, density, and presence of retailers relative to individuals or organizations.

Food availability {#sec1-4}
-----------------

This refers to both retailers and product availability within a given context.

Food pricing {#sec1-5}
------------

From a market perspective, this is indicative of the market price of products. From a household or individual perspective, this equates to affordability (purchasing power).

Food promotion {#sec1-6}
--------------

Promotional advertising, marketing and branding, and packaging directed at individuals.

Food policy {#sec1-7}
-----------

This refers to policies, regulations, and guidelines related to the provision, sale, and marketing of food (i.e., national, regional, local) within consumer and organizational environments.

Methods {#sec3}
=======

Search strategy and selection criteria {#sec3-1}
--------------------------------------

The search strategy was formulated using the Problem/Patient/Population, Intervention/Indicator, Comparison, Outcome (PICO) methodology, and use of Medical Subject Headings and keywords. A comprehensive search of the literature was conducted in the following databases: BiblioMap, Cochrane Central Register of Controlled Trials, Embase, PsycINFO, MEDLINE, and TRoPHI, as well as trials registered with the International Clinical Trials Registry Platform. The publication date range was established from January 2000 to August 2019 given the paucity of food environment research prior to 2000. Non-indexed ("grey") literature was searched within the following organizational websites and databases, using keyword searches in the areas of health, health promotion, nutrition, and food environment: eLENA, Food and Agricultural Organization, International Food Policy and Research Institute, International Initiative for Impact Evaluation, International Network for Food and Obesity Research, Monitoring, and Action Support, National Cancer Institute, Epidemiology and Genomics Research Program, World Bank, World Food Programme, and World Obesity. No language restrictions or search filters were applied.

Studies were eligible if they included data collected in or after 2000 and measured the effects of a food environment intervention on ≥1 specific health outcome (listed below) in SACA (aged 5--19.9 y) living in LMICs. Preventive and management-based environmental interventions that were implemented at the school (or other organization), community, or market were included. Organizational interventions include changes to the school or workplace, whereas market-level interventions focus on the consumer retail environment and may include policy changes in taxation or marketing of food products. Community-level interventions include population policies and programs, such as public health campaigns to reduce advertising of unhealthy foods on television. Studies with multicomponent interventions that included an environmental and behavioral component (either together or in separate arms) were eligible for inclusion. Control groups included populations that were not exposed to the experimental intervention.

Eligible primary outcomes included anthropometric and diet-related health outcomes relevant to SACA: stunting (\<2 SDs for height-for-age), wasting (\<2 SDs for weight-for-height), BMI, lean mass, fat mass, waist circumference, waist-to-hip ratio, anemia, type 2 diabetes, metabolic syndrome, goiter, xeropthalmia, and night blindness.

SACA who were in school or out-of-school were eligible for inclusion. Studies were excluded if the population only consisted of individuals with a defined pre-existing illness (e.g., chronic and genetic diseases, metabolic, nutritional, and growth disorders, HIV, and tuberculosis). Studies that included participants beyond the eligible age range (e.g., 20--22 y or 1--4 y), where the mean age was \<5 y or ≥20 y, or did not provide a mean age were also excluded.

The following types of study designs were eligible for inclusion: randomized controlled trials (RCTs), quasi-experimental studies (QES), nonrandomized controlled trials (NRCTs), controlled before-after studies, interrupted-time-series studies, and repeated measures studies, as well as large-scale program evaluations that assessed the efficacy and/or effectiveness of interventions. Mixed methods studies were also considered, but only quantitative aspects of those studies were included.

Study screening and data extraction {#sec3-2}
-----------------------------------

Following removal of duplicate studies, a multistage screening process was conducted to select eligible studies. Each title and abstract was assessed by a single reviewer. Full-text screening was conducted in duplicate according to the inclusion/exclusion criteria. De-duplication and title and abstract screening were managed using EndNote. Full-text screening and documentation of reasons for exclusion were managed using Covidence, a web-based platform for systematic review processes. Any disagreements were resolved by discussion, and where necessary, by consultation of a third review author. Data from included studies were independently coded and abstracted by two authors, using predefined data abstraction forms. Abstraction forms were matched and in the event of a disagreement, a third review author was consulted. See **Supplementary Table 1** for details on variables extracted.

Data analysis {#sec3-3}
-------------

All reported outcomes were taken directly from published studies and publicly available information. Authors were contacted if there were discrepancies in reported data. For binary outcomes, we reported the risk ratio (RR) of outcomes in the intervention group compared with the control group. For continuous outcomes, we reported the mean difference (MD) using change scores (preferentially) or endline values, if the outcomes had been measured in the same way by all studies. We conducted random-effects meta-analyses to investigate the impact of interventions on BMI (kg/m^2^), zBMI (relative weight for child age), and prevalence of weight status (overweight, obesity, or combined). We also explored heterogeneity by age group, measure (endline or change scores), setting of intervention, risk of bias, duration of intervention (≤9 wk compared with \>9 wk), and by study design (randomization compared with nonrandomization). Quality assessment was conducted in duplicate. Risk of bias of included studies was appraised using the adapted Cochrane Effective Practice and Organization of Care (EPOC) guidelines for randomized trials. QES were evaluated based on the Risk of Bias In Non-Randomized Studies of Interventions (ROBINS-I) ([@bib12]). Both tools incorporated 5 domains of bias assessment including: selection, performance, attrition, detection, and outcome reporting. In terms of certainty of outcomes, we appraised BMI and weight status prevalence using Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) criteria (risk of bias, imprecision, indirectness, inconsistency, and publication bias) ([@bib13], [@bib14]). Quality was rated as low, medium, or high. Statistical analysis was conducted in Review Manager 5.3.

Results {#sec4}
=======

A database search generated 27,457 records after duplicates were removed. Screening of titles and abstracts identified 388 articles, and an additional 45 records from other sources, for full-text review. Of these, 17 trials (21 studies) met our inclusion criteria and were included in the analysis. Due to the following reasons, 412 studies were excluded: ineligible interventions (either inappropriate intervention type or no intervention present), outcomes (wrong primary outcomes), or study populations (not specific to ages 5--19 y). See [**Figure 1**](#fig1){ref-type="fig"} for the flow of studies.

![Flow chart of study selection process.](nzaa098fig1){#fig1}

Of the included trials, 11 were RCTs and 6 were QES. Three trials were conducted in China ([@bib15]), while two studies were conducted in Thailand ([@bib18], [@bib19]) and two studies in Mexico ([@bib20], [@bib21]). The remaining trials were conducted in the following countries: Brazil ([@bib22]), India ([@bib23]), South Africa ([@bib24]), Turkey ([@bib25]), Malaysia ([@bib26]), Lebanon ([@bib27]), Tonga ([@bib28]), Fiji ([@bib29]), Iran ([@bib30]), and Argentina ([@bib31]) ([**Table 1**](#tbl1){ref-type="table"}). All studies were conducted in a school setting, of which 13 were in urban areas. The majority of studies did not indicate whether schools were private or public, apart from one study that included a mix of public and private schools, and two studies that were explicitly conducted in public schools. All studies evaluated multicomponent interventions, without disaggregating outcome data by component, and all studies included a control group. Behavioral interventions include components such as lifestyle modification comprising nutrition education and/or physical activity sessions with students and parents. Food environment interventions include components such as increasing the availability of healthy foods within the school ([@bib15], [@bib24], [@bib31]), developing school policies regarding the sale or marketing of food ([@bib17], [@bib23], [@bib24], [@bib28], [@bib29]), and promotion of healthy foods or water consumption ([@bib28], [@bib29]). The duration of interventions varied from 3 mo to 3 y. The total number of participants analyzed in the included studies was 28,457 children and adolescents (5--19.9 y). Fourteen trials included participants who were within the age range of 7--13 y. Three focused primarily on adolescents with an age range of 13--19 y.

A pooled analysis of 5 studies (*n*  = 12,315) measuring the effect of the intervention on mean BMI (z-score) at endline showed no overall effect \[MD: −0.03 (95% CI: −0.09, 0.02)\] ([**Figure 2**](#fig2){ref-type="fig"}). Likewise, a separate analysis that was limited to studies comparing the effect of the intervention on BMI (kg/m^2^) at endline produced similar null results \[5 studies, *n*  = 17,371, MD: −0.05 (95% CI: −0.32, 0.21)\] ([**Figure 3**](#fig3){ref-type="fig"}). However, in an analysis of 6 studies (*n*  = 17,054) in which BMI mean change was reported, there was a protective effect of the intervention \[MD: −0.11 (95% CI: −0.19 −0.03)\] ([Figure 3](#fig3){ref-type="fig"}). Importantly, the 2 largest RCTs, Sevinc et al. ([@bib25]) (*n*  = 6,366) and Xu et al. ([@bib15]) (*n*  = 6,874) did observe a small magnitude of effect on BMI, favoring an attenuated increase in BMI with the intervention \[Xu et al. ([@bib15]) change score MD: −0.20 (95% CI: −0.28, −0.12); endline MD: −0.30 (95% CI: −0.47, −0.13); Sevinc et al. ([@bib25]) change score MD: −0.15 (95% CI: −0.20, −0.10); endline MD: −0.06 (95% CI: −0.24, 0.12)\] ([Figure 3](#fig3){ref-type="fig"}).

![Forest plot of comparison: randomized controlled trial food environment interventions versus control. Mean difference in BMI (z-score) from baseline to post-intervention using endline values.](nzaa098fig2){#fig2}

![Forest plot of comparison: randomized controlled trial food environment interventions versus control. Mean difference in BMI from baseline to post-intervention using change scores and endline values.](nzaa098fig3){#fig3}

No significant differences between intervention and control groups were found for weight status outcomes, reported as prevalence of overweight \[*n*  = 11,796; RR: 0.96 (95% CI: 0.87, 1.05)\], obesity \[*n*  = 13,635; RR: 0.92 (95% CI: 0.79, 1.07)\], or overweight and obesity \[*n*  = 11,725; RR: 0.92 (95% CI: 0.80, 1.05)\] using RCT data (**Supplementary Figures S1--3**).

Pooled analysis of BMI from 3 QES \[change score or endline (*n*  = 5023)\] suggested no significant differences between intervention and control populations \[MD: −0.37 (95% CI: −0.95, 0.22)\] ([**Figure 4**](#fig4){ref-type="fig"}) and as z-scores (*n*  = 4,723) \[MD: −0·.8 (95% CI: −0.40, 0.05)\] ([**Figure 5**](#fig5){ref-type="fig"}).

![Forest plot of comparison: quasi-experimental interventions versus control. Mean difference in BMI from baseline to post-intervention using change scores and endline values.](nzaa098fig4){#fig4}

![Forest plot of comparison: quasi-experimental interventions versus control. Mean difference in BMI (z-score) from baseline to post-intervention using endline values.](nzaa098fig5){#fig5}

A similar finding was noted for 2 QES in terms of prevalence of obese participants \[*n*  = 4660; RR: 0.95 (95% CI: 0.74, 1.23)\] and combined prevalence of overweight and obese participants \[*n*  = 2501; RR: 0.95 (95% CI 0.88, 1.03)\]. However, there was a 11% reduced risk of becoming overweight compared with the control \[2 studies, *n*  = 4660; RR: 0.89 (95% CI: 0.81, 0.99)\] **(Supplementary Figures S4--6**).

Discussion {#sec5}
==========

The purpose of this review was to determine the impact of food environment interventions on diet-related health outcomes of SACA in LMICs. Pooled analyses showed a small significant effect on reduction in BMI, which aligns with similar systematic reviews of studies conducted in high-income countries ([@bib32]). Furthermore, the two largest RCTs both showed significant attenuations in the increase in BMI in the intervention groups compared with the control groups. However, the effects were inconsistent and there was substantial heterogeneity across studies in terms of study design (randomization, blinding, duration, and complexity of intervention components), measurement tools, and populations. Given the complexity and upstream nature of food environment interventions, there is an inherent dilution bias ([@bib33]). Controlling the dose of exposure within a food environment intervention poses logistical difficulty and can be contaminated by other environments and elements, such as the household food environment, consumer behavior, attitudes, and preferences.

The diverse dimensions of the food environment lead to a variety of interventions that may be designed and implemented. However, among studies in the present review, the most commonly addressed food environment dimension was availability. Of the 17 trials included in the analysis, 15 (6 QES and 9 RCTs) involved an intervention or intervention component that changed food availability in school settings. Typically, an intervention increased the availability of healthy food items and removed unhealthy items from the cafeteria and vendors on the school property. Most study interventions examined multiple food environment dimensions. For example, the intervention by Fotu et al. ([@bib28]) addressed the promotion and availability of healthy food products, as well as school policies on food vendors on school property. The multifaceted design of these interventions limited the ability to disentangle outcome data by dimension. Interventions also targeted food promotion, accessibility, and policy. No study intervention captured data on pricing or spending patterns of SACA. Understandably, the unregulated and the unstable nature of food vendors in LMICs lends to inconsistent pricing and insufficient cost regulation, a possibly difficult metric. Additionally, spending by SACA is influenced by factors beyond their control, including household socioeconomic status, and whether they receive spending money from parents and guardians.

###### 

Characteristics of included studies

  Author (year)                                                     Country        Study design/duration                                                                                                                                                                                                                                   Participants                                                                                                                                                                                                                                                                                                                                                                                               Intervention                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Outcomes
  ----------------------------------------------------------------- -------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Alvirde-Garcia (2013) ([@bib21])                                  Mexico         RCT; duration of the intervention: 3 y. Measurements were taken at years 1, 2, and 3                                                                                                                                                                    2 semirural communities (2 schools in Tenango del Vale and 3 schools in Santa Cruz) were selected with similar SES characteristics. The intervention group (Tenango del Vale) analyzed 816 students, while the comparison group (Santa Cruz) analyzed 408 students                                                                                                                                         Behavioral component: the intervention included nutrition education and increased physical activity (PA) for the pupils, lifestyle modification for parentsEnvironmental component: change in food items sold at schools' canteens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Primary outcomes: BMI, prevalence of overweight, prevalence of obesity Secondary outcomes: dietary intake (calories from foods)
  Amini (2016) ([@bib30])                                           Iran           cRCT; duration of the intervention: 18 wk. Measures were taken before and immediately after the intervention                                                                                                                                            334 students, 167 in the intervention and 167 in the comparison group (grades 4--6) determined to be overweight or obese based on WHO standards, were recruited for the study. Analysis on 164 in the intervention and 163 in the comparison group                                                                                                                                                         Behavioral component: the intervention included nutrition education and increased physical activity (PA) for the pupils, lifestyle modification for parents Environmental component: change in food items sold at the schools' canteens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       Primary outcomes: weight, height, BMI (z-score), waist circumference, hip circumference, trifold skin thickness Secondary outcomes: dietary intake (energy, fat, protein, carbohydrates, % energy from fat, % energy from carbohydrates)
  Banchonhattakit (2009) ([@bib19])                                 Thailand       Quasi-experimental; duration of the intervention: 8 mo. Follow-up lasted 8 mo                                                                                                                                                                           12 schools, with 375 students in the 5th grade (6 schools were the intervention group, *N* = 180 and 6 schools were the control group, *N* = 195) met the inclusion criteria                                                                                                                                                                                                                               Behavioral component: the school network supported the implementation of the intervention, had monthly meetings, and consisted of parents, school administrators, teachers, and community leaders; a healthy diet, 30 min of daily PA Environmental component: changing school policies and improved school-lunch programs were promoted                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Primary outcomes: overweight and obesity (as N/% in BMI categories) Secondary outcomes: frequency of consumption of fast food
  Chawla (2017) ([@bib18])                                          Thailand       Quasi-experimental; duration of the intervention: 6 mo. Measures were taken before and immediately after the intervention                                                                                                                               453 students attending grades 4--5 were enrolled. Of these, 414 (206 in the intervention group, and 208 in the control group) were analyzed                                                                                                                                                                                                                                                                Behavioral component: 7, 50-min sessions on life-skills including but not limited to, healthy eating guidance, physical exercise, and nutritional assessment. School and parental involvement, including increasing PA time, and 1-h workshops for families Environmental component: school food policy on food sold in schools; removal of vending machines                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Primary outcomes: normal, overweight & obese status (as % within each BMI z-score) Secondary outcomes: mean lipid profile
  Cao (2015) ([@bib16])                                             China          cRCT; duration of the intervention: 2 y. Measures were taken in January 2011 (pre-intervention), at a follow-up in January 2012, at a second follow-up in January 2013 and post-intervention in January 2014. The intervention ended in December 2013   26 primary schools, 2446 students in grade 1. The schools were divided into 3 groups according to average obesity prevalence. 7 schools with a high obesity prevalence (75th percentile), 12 schools between the 25th and 75th percentiles, and 7 schools below the 25th percentile. Of these, 1813 students were analyzed: 985 students in the intervention group and 828 students in the control group   Behavioral component: provision of health education for parents, caregivers and students, and provision of physical exercise activities during school for students Environmental component: reduction of fat content in the food provided at canteens, and increased availability of fruits and vegetables at school canteens                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Primary outcomes: normal, overweight & obese (as N/% within each BMI z-score), BMI (z-score)
  De Villiers (2016) ([@bib24]) Substudy: Steyn (2015) ([@bib38])   South Africa   cRCT; duration of the intervention: 3 y                                                                                                                                                                                                                 16 schools with 1002 students in grades 4--6 were enrolled. Of these, 503 students were analyzed from the intervention group, while 499 were analyzed from the control group                                                                                                                                                                                                                               Behavioral component: providing life orientation curriculum including nutrition; family and community involvement including educational events Environmental component: nutrition activities related to developing healthy school nutrition policies; improving tuck shops by making healthier options available; encouraging learners to bring healthy lunch boxes to school; encouraging the promotion of healthy foods at special events; and the initiation of vegetable gardens at schools                                                                                                                                                                                                                                                                                                                               Primary outcomes: severe thinness, thinness, normal, overweight, obese (as N/% within each BMI z-score)
  Fotu (2011) ([@bib28])                                            Tonga          Quasi-experimental; duration of the intervention: 3 y                                                                                                                                                                                                   Within 22 villages, 13 schools with 2479 students aged 11--19 y were selected                                                                                                                                                                                                                                                                                                                              Behavioral component: capacity building with school staff and the community Environmental component: promotion of nutrition through media; development of a vegetable garden and canteen; repair of water tank; implementation of school food policiesDuration of intervention: 3 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Primary outcomes: height, weight, normal, overweight, obesity (BMI as kg/m^2^ and z-score), fat mass Secondary outcomes: frequency of consumption, place of consumption, meal patterns
  Habib-Mourad (2014) ([@bib27])                                    Lebanon        Quasi-experimental; duration of the intervention: 3 mo                                                                                                                                                                                                  374 students in grades 4--5 (aged 9--11 y) were selected. Of these, there were 4 schools with 100 students (57 male, 43 female) analyzed in the intervention group and 4 schools with 100 students (53 male, 47 female) analyzed in the control group                                                                                                                                                      Behavioral component: education sessions (1 per week/3 mo); family programme with health events Environmental component: changes in school food shops                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Primary outcomes: BMI (as kg/m^2^), waist circumference Secondary outcomes: frequency of consumption; place of consumption; meal patterns; types of foods purchased
  Herscovici (2013) ([@bib31])                                      Argentina      RCT; duration of the intervention: 6 mo                                                                                                                                                                                                                 6 schools, 405 students in grades 5--6 (ages 9--11 y). Of these, 369 were analyzed: 205 students in the intervention group and 164 students in the control group. At baseline, in the intervention group, 47.7% were male, and 52.3% were female. In the control group, 53.2% were male and 46.8% were female                                                                                              Behavioral component: nutritional education to promote healthy eating, good habits and PA, physical exercise activities for the students, and an educational workshop aimed at parents and caregivers Environmental component: modifications to the school snack bar to provide 5 healthy food items                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Primary outcomes: underweight, normal weight, overweight and obese (as N/%), BMI (kg/m^2^), BMI (z-score); Secondary outcomes: increased and decreased consumption of certain food and beverages
  Koo (2018) ([@bib26])                                             Malaysia       Quasi-experimental; duration of the intervention: 3 mo                                                                                                                                                                                                  83 students aged 9--11 y were selected. Of these, 31 were analyzed in the intervention group (58.1% male) and 32 were analyzed in the control group (46.9% male)                                                                                                                                                                                                                                           Behavioral component: education sessions (biweekly 30-min sessions); family education session (once, on diet counseling) Environmental component: changes in availability of whole grain foods                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Primary outcomes: BMI (as z-score), fat mass %, waist circumference
  Kremer (2011) ([@bib29])                                          Fiji           Quasi-experimental; duration of the intervention: 2 y                                                                                                                                                                                                   Students (*N* = 2948), aged 13--18 y from 14 schools (7 intervention and 7 control). Of these, there were 7 schools with 879 students (46.1% male) analyzed in the intervention group and 7 schools with 2069 students (43.4% male) analyzed in the control group                                                                                                                                          Behavioral component: nutrition education for students and parents; training on vegetable gardening, pot plant technology, healthy meal preparation, food display, provision of healthy lunch and snacks Environmental component: offering of breakfast at school canteen; development of school food policies and guidelines; promotion of healthy foods through media (posters); development of a school garden                                                                                                                                                                                                                                                                                                                                                                                                             Primary outcomes: weight, height, BMI (as prevalence, kg/m^2^ and z-score), fat mass Secondary outcomes: frequency of consumption, meal patterns
  Liu (2018) ([@bib17])                                             China          cRCT; duration of the intervention: 1 y                                                                                                                                                                                                                 12 primary schools; 1889 students in grades 3--5 (ages 7--11 y). Of these, 930 students were analyzed in the intervention group and 959 in the control group. In the intervention group, 53% of the students were male and 47% were female. In the control group, 50.5% of the students were male and 49.5% were female                                                                                    Behavioral component: education on health and nutrition for students and physical exercise activities Environmental component: school policies that do not permit sugar-sweetened beverages, snacks, and electronic products in school. Promotion of drinking water and improvement of school lunches offered at the school cafeteria                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Primary outcomes: BMI (kg/m^2^), BMI (z-score), underweight, normal, overweight, and obesity (as N/% within BMI z-scores) Secondary outcomes: consumption (portions/day) and frequency of consumption (number of days per week) of certain food and beverages
  Safdie (2013a) ([@bib39])Substudy: Safdie (2013b) ([@bib39])      Mexico         RCT; duration of the intervention: 18 mo                                                                                                                                                                                                                Students (*N* = 886) in grades 4--5 (mean age 9.7 y ± 0.7) were enrolled in the study. Of these, 830 students were analyzed (*N* = 252 in intervention basic, *N* = 254 in intervention plus, *N* = 354 in control)                                                                                                                                                                                        Basic intervention: behavioral, environmental and physical activity components Plus intervention: same intervention as basic, except added financial and human resources Behavioral component: educational and skill-based workshops on nutrition for students; mass communication, and supportive resources provided for students and parents on 4 main behaviors including fruit and vegetable consumption, water consumption, engage in PA and pack a healthy lunch Environmental component: increase availability of healthier food sold at schools; ensure water availability; limiting the sale of sugar-sweetened beverages in the schoolPA component: PA promoted during recess and free time; improving the quality of physical education ≥50 min/wk; improving the school premises and providing sports equipment   Primary outcomes: weight, height, BMI (kg/m^2^), weight status (as prevalence of overweight and obesity)
  Sevinc (2011) ([@bib25])                                          Turkey         RCT; duration of the intervention: 8 mo                                                                                                                                                                                                                 Students (*N* = 6847) in grades 1--7 were enrolled in the study. Of these, 6771 students were analyzed (*N* = 2012 in intervention 1 group, *N* = 1938 in intervention 2 group, *N* = 2821 in control)                                                                                                                                                                                                     Intervention 1: behavioral component (PA program). PA program included physical education lessons 2 and 3 h/wk, depending on the day Intervention 2: behavioral and environmental component. Behavioral components included a healthy nutrition education program. The environmental component was distribution of boxed milk during mealtime, and increasing the supply of healthy eating options in the school canteen (including, water, freshly squeezed fruit juice, buttermilk, milk, and seasonal fruits)                                                                                                                                                                                                                                                                                                              Primary outcome: BMI (kg/m^2^)
  Sichieri (2009) ([@bib22])                                        Brazil         cRCT; duration of the intervention: 9 mo                                                                                                                                                                                                                Students (*N* = 1140) aged 9--12 y (mean age: 10.9 ± 0.81), were enrolled in the study. Of these, 927 students were analyzed (*N* = 434 in intervention, *N* = 493 in control)                                                                                                                                                                                                                             Behavioral component: healthy lifestyle education program that provided simple messages encouraging water consumption instead of sugar-sweetened carbonated beverages Environmental component: water bottles were provided to students and faculty                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Primary outcomes: weight, height, BMI (kg/m^2^), weight status (as prevalence of underweight, overweight, and obese) Secondary outcomes: food group intake
  Singhal (2010) ([@bib23]) Substudy: Singhal (2011) ([@bib40])     India          RCT; duration of the intervention: 8 mo                                                                                                                                                                                                                 Students (*N* = 209) in grade 11 (aged 15--17 y, mean age: 16.02 ± 0.55), mixed SES, were enrolled in the study. Of these, *N* = 201 students were analyzed (*N* = 99 in intervention, *N* = 102 in the control)                                                                                                                                                                                           Behavioral component: promotion of nutrition education through lectures and focused group discussion; PA periods in school every week for 30 min; weekly individual counseling; health camp for teachers Environmental component: policy changes in the school which changed the school canteen menu to offer healthier alternatives; limiting the sale of carbonated drinks, high calorie foods, and noodles                                                                                                                                                                                                                                                                                                                                                                                                                 Primary outcomes: weight, height, BMI (kg/m^2^), BMI (z-score), waist circumference, triceps skinfold thickness Secondary outcomes: food group intake, lipid profiles, place of consumption, hs-CRP, HOMA-IR, HOMA-bCF, disposition index, fasting insulin, plasma glucose
  Xu (2017) ([@bib15]) Substudy: Meng (2013) ([@bib41])             China          cRCT; duration of the intervention: 2 semesters (∼8 mo)                                                                                                                                                                                                 Students (*N* = 9867), aged 6--13 y, were enrolled in the study. Of these, 8573 were analyzed (*N* = 3476 in comprehensive intervention, *N* = 628 in nutrition education intervention, *N* = 605 PA intervention, *N* = 3398 in comprehensive control, and *N* = 466 in control group for nutrition education intervention and PA intervention groups)                                                    Nutrition education intervention: behavioral component (nutrition handbook and courses on nutrition and health), environmental component (the school lunch cafeteria menu was evaluated periodically and nutrition suggestions were provided accordingly) PA intervention: a classroom-based physical activity program to promote exercise Comprehensive intervention: the nutrition education intervention combined with PA intervention                                                                                                                                                                                                                                                                                                                                                                                     Primary outcomes: BMI (kg/m^2^), BMI (z-score) waist circumference, fat mass % Secondary outcomes: insulin, plasma glucose, lipid profiles

cRCT, cluster randomized controlled trial; HOMA-IR, homeostasis model assessment - insulin resistance; HOMA-bCF, homeostasis model assessment - β cell function; hs-CRP, high-sensitivity C-reactive protein; PA, physical activity; RCT, randomized controlled trial; SES, socioeconomic status.

All studies in this review used multicomponent interventions, consisting of both a behavioral component (e.g., a nutrition education program) and an environmental component, defined as any policy or physical change to the environment, which affects one or more of the food environment dimensions. None of the studies disaggregated outcome data based on the discrete behavioral and environmental components, providing a limited ability to analyze and understand the environment-specific effects on health outcomes in this age group. However, we acknowledge the logistical difficulties in disentangling environmental from behavioral components. Behavior change and effects on diet-related health outcomes, such as BMI, may be dependent on greater intervention duration. In this review, duration ranged from 3 mo to 3 y, with half of the studies (*n* = 8) implementing interventions with a duration of 9 mo or less.

Beyond school premises, the consumer food environment, including social media, presents numerous additional opportunities for children (particularly older children) to dilute the effect of school-based interventions ([@bib32]). Future research may consider a factorial or multiarm RCT study design, whereby school and community-based interventions, using both environmental and behavioral-type components, can be both disaggregated and combined, to compare and contrast their effects.

A major limitation of this review is the lack of generalizability of the results. First, none of the studies were conducted in low- or lower-middle income countries; all were conducted in upper-middle income countries, although it is noted that conditions and contexts amongst the upper middle-income countries may differ. In addition, the majority (13 of 17) of studies were conducted in urban settings. Yet, according to recent World Bank estimates, 41.8% of the global population aged 0--14 y and ∼11% of females and male aged 15--19 y live in low-income settings ([@bib34]). Estimates also show that just less than half of the global population (44.7%) live in rural areas. All of the studies implemented interventions at the school level, such that the findings of this review cannot be extrapolated to other community settings. The rationale for school-level interventions assumes that most children and adolescents attend school and therefore will be reached by the program. However, in many LMICs, there may be limitations to official registration and regular attendance of students, for reasons including gender biases in school enrollments, financial limitations, and child labor ([@bib35]).

The robustness of pooled analyses was greatly limited by the heterogeneity of food environment exposures and diet-related health outcomes measured across the studies. For example, although the majority of studies measured BMI, it was variably reported using the original units (kg/m^2^) or normalized as a z-score (with an inconsistent use of WHO Growth Standards), and some studies reported endline averages whereas others compared groups with respect to interval changes ([**Table 2**](#tbl2){ref-type="table"}). Furthermore, all studies included both SACA without disaggregating outcome data between different age groups or between boys and girls. This is an important consideration given the unique transition from childhood to adolescence, which is marked by specific physiological changes, mental and socioemotional development, and increased behavioral autonomy and choice ([@bib36]).

###### 

Included studies by outcome reported

  Author (year)                                                      BMI (z-score)   BMI (kg/m^2^) change score   BMI (kg/m^2^) endline   Prevalence of overweight   Prevalence of obesity   Prevalence of overweight and obesity
  ------------------------------------------------------------------ --------------- ---------------------------- ----------------------- -------------------------- ----------------------- --------------------------------------
  Randomized Controlled Trials                                                                                                                                                               
   Alvirde-Garcia (2013) ([@bib21])                                                  x                                                                                                       
   Amini (2016) ([@bib30])                                           x                                                                                                                       
   Cao (2015) ([@bib16])                                             x                                                                    x                          x                       
   De Villiers (2016) ([@bib24]) Substudy: Steyn (2015) ([@bib38])                                                                        x                          x                       x
   Herscovici (2013) ([@bib31])                                      x               x                            x                                                                          
   Liu (2018) ([@bib17])                                             x                                            x                                                  x                       x
   Safdie (2013a) ([@bib20]) Substudy: Safdie (2013b) ([@bib39])                                                  x                                                                          
   Sevinc (2011) ([@bib25])                                                          x                            x                                                                          
   Sichieri (2009) ([@bib22])                                                        x                                                    x                          x                       
   Singhal (2010) ([@bib23]) Substudy: Singhal (2011) ([@bib40])                     x                                                                                                       
   Xu (2017) ([@bib15]) Substudy: Meng (2013) ([@bib41])             x               x                            x                       x                          x                       x
  Quasi-experimental Studies                                                                                                                                                                 
   Banchonhattakit (2009) ([@bib19])                                                                                                                                                         x   
   Chawla (2017) ([@bib18])                                                                                                                                                                  x
   Fotu (2011) ([@bib28])                                            x                                            x                       x                          x                       x
   Habib-Mourad (2014) ([@bib27])                                                    x                                                                                                       
   Koo (2018) ([@bib26])                                             x                                                                                                                       
   Kremer (2011) ([@bib29])                                          x                                            x                       x                          x                       

Based on EPOC, ROBINS-I, and GRADE criteria, both RCTs and QES in this review were downgraded due to unclear or high risk of disclosure of random sequence generation and indirectness of the intervention. It should be noted that although lack of blinding of both personnel and participants of the intervention is usually a reason for downgrading, it is not always appropriate nor possible. In certain cases, it is not possible to completely blind participants, such as in a food environment intervention that changes the availability of consumed items offered in the cafeteria. Lastly, other methodological limitations of food environment research include the assurance of appropriate and ethical randomization in RCTs and the lack of feasibility of geographical separation between intervention and control groups in QES to control for contamination ([@bib37]).

Conclusions {#sec6}
===========

In summary, this systematic review yielded limited evidence to support a beneficial effect of food environment interventions on anthropometric and weight-status outcomes in SACA in LMICs. Pooled analyses were difficult to interpret given the between-study heterogeneity in design, food environment metrics, outcome reporting, and effect sizes. Future work should identify key components of the food environment that may be amenable to modification by well-designed and feasible interventions, tested in the context of RCTs that are powered to examine effects on health outcomes of public health relevance including obesity and other noncommunicable diseases, and micronutrient deficiencies. As the number of SACA increases globally ([@bib36]), it is critical that these knowledge and data gaps are addressed to guide future policies and programs in LMICs.
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Click here for additional data file.
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